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Loci with large effects
Recent studies with the fruitfly Drosophila suggest that
alleles of loci known from classical genetics can make
major contributions to continuous-trait variation.
Most evolutionary change occurs as a result of natural
selection acting on genetic differences between individuals
in traits that can be measured on a continuous scale. Such
quantitative traits are also the targets for artificial selection
by plant and animal breeders. Typically, a high propor-
tion of the variation in quantitative traits has a genetic
basis, but little is known about the genes that contribute
to this variation. The number of loci involved, the num-
ber and frequencies of alleles segregating in populations,
and the magnitudes of their individual effects on the
traits are largely unknown. Consequently, the relative
importance of the forces that maintain genetic variation
in natural populations is controversial.
The number of bristles on segments of the fruitfly
Drosophila melanogaster has long been a favourite model
quantitative trait for population geneticists (Fig. 1). This
trait shows considerable variation in Drosophila popula-
tions. Although the number of bristles per fly is a discrete
quantity, the trait can be treated as quasi-continuous and
has properties typical of many quantitative characters -
the distribution of the number of bristles among indi-
viduals is approximately normal, and there is usually
substantial genetic variation for the trait due to the seg-
regation of alleles at several or many loci. The proportion
of the variation in populations that can be attributed to
genetic causes is typically in the range 30-60 %' [1].
Trudy Mackay, Charles Langley and colleagues have
recently been tackling the problem of the nature of quan-
titative genetic variation for bristle number in Drosophila.
Their studies are particularly interesting because they are
concerned with quantitative variation in natural popula-
tions, a type of variation that is believed to be important
for evolutionary change. One approach they are taking
[2] is to use molecular genetic markers to map loci
influencing bristle number in a natural population of
flies. Similar projects aimed at mapping loci that con-
tribute to quantitative genetic variation are underway for
many species, particularly for traits of economic impor-
tance in domesticated animals and plants. These projects
involve searching for molecular marker alleles that asso-
ciate with differences in the value of the trait, and may
lead to the use of 'marker-assisted selection', in which
improvement is achieved through selection on markers
known to be linked to trait genes, as well as by selecting
directly on the trait.
Long et al. [2] were able to take advantage of several
powerful genetic tools available with Drosophila. 'Balancer'
chromosomes, with multiple inversions that suppress
recombination, enable the manipulation of whole chro-
mosomes and facilitate the rapid generation of recombi-
nant inbred lines. And the polytene salivary gland
chromosomes of Drosophila facilitate in situ hybridiza-
tion, enabling the sites of recombination events to be
inferred with high accuracy. By such means, genetic
factors with quite large effects on the trait have been
detected. Small segments of chromosome were found to
be associated with genetic variants for bristle score
which were originally segregating in the sample of flies
from the natural population. A surprising feature of the
results is the finding of large interactions between
different factors - surprising, because bristle number is
usually cited as the classic 'additive' quantitative trait [3].
Fig. 1. Underside of the abdomen of a female fruitfly, showing
the position and appearance of abdominal bristles. The segment
on which the bristles were counted in the recent studies of Long
et al. [2] and Lai et al. [5] is highlighted.
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Fig. 2. Distributions of bristle number in lines that are each homozygous for a different chromosome 2 from a natural population of
Drosophila, in relation to the allelic state for various scabrous-linked RFLPs (data from [51). The data in each panel are for one RFLP,
the yellow histograms showing the distribution for flies carrying the majority allele, and the red histograms the distribution for flies
carrying the minority allele. (a-c) The distributions in abdominal bristle number in relation to three different RFLPs (see text). (d) The
distribution of sternopleural bristle number in relation to one RFLP.
Whether these factors represent alleles of single genes or
the combined effects of several linked genes remains to
be determined. In previous mapping experiments with
visible genetic markers, further crosses often resolved
genetic factors associated with quite short chromosome
segments into several linked factors [4]. However, the
number of genetic markers used by Long et al. [2], and
therefore the precision of the analysis, was much higher
than before, and most of the factors appeared to map
close to one or other of the limited set of 'candidate'
genes already known to be capable of affecting bristle
score. This would surprise many population geneticists,
who would tend to believe that a great number of genes
are capable of affecting a given quantitative trait, as the
overall mutation rate in the genome for quantitative
phenotypes is thought to be rather high, implying that
there are either many loci involved or unexpectedly
high individual mutation rates. The results of Long et al.
[2], if confirmed by further genetic analysis, suggest
that, at least for Drosophila bristle number, we need look
no further than known candidate genes for an explana-
tion of much of the quantitative genetic variation that we
see in nature.
In a recent paper [5], the same group has taken a direct
route to address the question of whether candidate loci
contribute to quantitative genetic variation in natural
populations. Lai et al. [5] tested for associations between
molecular polymorphisms at or near the scabrous locus
and two bristle-number traits in individuals sampled from
a natural Drosophila melanogaster population. Significant
genetic variation had previously been shown to be
associated with a different candidate locus, achaete-scute
[6]. The scabrous locus is a candidate contributor to quan-
titative genetic variation in bristle number, as mutations
at this locus are known to have large effects on the trait
and its gene product is thought to be intimately involved
in the development of bristles.
Taking advantage of the ability to manipulate whole
Drosophila chromosomes in crosses, 47 lines homozygous
for chromosome 2, on which the scabrous gene is located,
were generated, each containing a different chromosome
2 sampled from the natural population but otherwise
genetically identical. The mean numbers of abdominal
and sternopleural bristles (the number of bristles on par-
ticular segments or parts of segments) were estimated in a
sample of flies from each line, and each line was charac-
terized for DNA variants at or near scabrous. As expected
from previous studies of molecular genetic variation in
natural populations of Drosophila [7], restriction fragment
length polymorphisms (RFLPs) and other molecular
variants were present at many sites at or near the gene,
and unless different sites were very close to one another,
they appeared to segregate independently and showed no
significant linkage disequilibrium.
The key finding of the study was that significant differ-
ences in bristle number between lines carrying different
alleles of a particular polymorphic marker at or near
scabrous occur in a greater number of cases than expected
by chance. Several of the individual molecular polymor-
phisms were associated with large differences in the score
for one or other of the traits, and Lai et al. [5] suggest
that this indicates close linkage between polymorphic
markers and alleles influencing-bristle number. A surpris-
ingly high proportion (about 10 %) of the total genetic
variance for each of the two traits was associated with
molecular variants that individually have major effects,
but it is possible that this overestimates the total variance
contribution for both traits.
Three different RFLPs showed significant associations
with abdominal bristle number - lines with one allele
for the marker tended to have a higher (or lower) number
of bristles than lines with the other allele. The distri-
bution of abdominal bristle number among lines along
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with the allelic state of each line is shown in Figure 2a-c
for these three RFLPs. An interesting feature of the data
for abdominal bristle number is apparent here: an extreme
line, which scores 10.6 bristles (5.7 bristles below the
mean) is in the minority allelic class for all three markers,
and accounts for much of the differences in mean abdom-
inal bristle number between the marker allele classes.
Thus, although none of these markers is in significant
linkage disequilibrium with another, their associations
with the bristle number phenotype are non-independent.
One interpretation of these data is that the extremely low
line contains a recently arisen mutation of large effect at
or near scabrous, which reduces abdominal bristle number
and is at a low frequency. Alternatively, it is possible that
the line contains alleles that reduce bristle number at loci
that are on chromosome 2 but not closely linked to
scabrous itself. Distinguishing between these possibilities
would require further crosses, to test effects on bristle
number of lines containing particular scabrous alleles on
an otherwise inbred genetic background.
An example of the pattern of the association found by
Lai et al. [5] between alleles of one RFLP and
sternopleural bristle number is shown in Figure 2d. In
this case, there is less spread in the distribution of bristle
number among lines in the minority allelic class for the
marker, so it is possible that there are trait alleles at or
near scabrous of relatively large effect at intermediate fre-
quencies. This is important, because many models of the
maintenance of quantitative genetic variation predict
alleles at extreme frequencies, and would not be compat-
ible with the finding of alleles of major effect at inter-
mediate frequencies. Again, it ought to be possible
to distinguish the presence of such trait alleles at
scabrous from effects of alleles influencing bristle number
elsewhere on chromosome 2 by directly testing the
effects of such alleles in crosses.
If the associations at scabrous (or other candidate genes)
stand up to the scrutiny of further crosses, an important
step in the path to identify alleles contributing quant-
itative genetic variation in natural populations will have
been taken. Further studies of their specific effects and
their frequencies in natural populations will undoubtedly
follow. Such information will lead to important insights
into the mechanisms which maintain the genetic varia-
tion in continuous traits that is of crucial importance for
evolutionary change.
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